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Decrease in two intestinal copper/zinc containing
proteins with antioxidant function in inflammatory
bowel disease

T P J Mulder, HW Verspaget, A R Janssens, P A F de Bruin, A S Penia, C B HW Lamers

Abstract
Oxygen derived radicals contribute to tissue
injury in inflammatory bowel disease. We
measured the content of superoxide dismutase
and metallothionein (two endogenous copper
and zinc containing proteins involved in radical
scavenging) in intestinal resection specimens
from 29 patients with Crohn's disease and 12
patients with ulcerative colitis and compared
the concentrations with those obtained in
the normal mucosa of a control group of 18
patients with colorectal cancer. The super-
oxide dismutase content was similar in control
mucosa and non-inflamed mucosa from
patients with inflammatory bowel disease
(mean (SEM) 2.13 (0.10) and 2.24 (0.10) mg/g
protein, respectively) but was decreased in
inflamed mucosa (1.87 (0.08) mg/g protein,
p<O.OO5 v non-inflamed mucosa). The metal-
lothionein content was decreased in non-
inflamed inflammatory bowel disease mucosa
compared with control mucosa (0.23 (0.03) and
0.36 (0.04) mg/g protein, respectively, p<002)
and a further decrease was found in inflamed
mucosa (0.17 (0.02) mg/g protein, p<0001 v
control mucosa). No differences were found
between Crohn's disease and ulcerative colitis
and no significant effect ofmedication or tissue
localisation was noted. These findings might
indicate a decreased endogenous intestinal
protection against oxygen derived radicals in
inflammatory bowel disease which could con-
tribute to the pathogenesis of the disease.
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A growing body of data indicates that oxygen
derived free radicals such as superoxide (02-),
hydrogen peroxide (H202), and hydroxyl
radicals (OH c) have a role in mediating intestinal
damage in inflammatory bowel disease. The
intestine is well endowed with enzymes capable
of producing such free radicals. ' Moreover,
when inflammation is present the many phago-
cytic cells that are attracted and activated can

produce large amounts of free radicals. Several
studies suggest that peripheral blood monocytes2
and isolated intestinal macrophages3'4 from
patients with inflammatory bowel disease pro-
duce increased amounts of free radicals. Also
high numbers of peripheral neutrophils, which
are capable of producing large amounts of
oxygen derived free radicals,5 migrate into the
intestinal wall of such patients.6
Grisham and Granger7 hypothesised that in

ulcerative colitis transient ischaemic episodes
and subsequent reperfusion produce high levels
of free radicals. This process initiates a cascade
leading to the recruitment and activation of

leucocytes, resulting ultimately in mucosal
ulceration. Recently, Wakefield et al8 presented
evidence for multifocal infarctions in the
intestine of patients with Crohn's disease,
indicating that ischaemic episodes may also
occur in this disease.

Several studies indicate that sulphasalazine
and its active metabolite 5-aminosalicylic acid
are efficient scavengers of oxygen radicals in
vitro.9-" These scavenging potentials may be an
important mode of action of these drugs in
vivo.7 12 Data, however, on endogenous anti-
oxidant proteins in the intestinal mucosa of
patients with inflammatory bowel disease are
lacking. For that reason we measured two copper
and zinc containing proteins with radical
scavenging potential in the intestinal mucosa of
patients with inflammatory bowel disease, metal-
lothionein and superoxide dismutase.

Metallothionein is an ubiquitous metal bind-
ing protein whose main function is the regulation
of copper and zinc metabolism. 13 Thornalley and
Vasak'4 were the first to note the high OH
scavenging potentials of metallothionein.
Since then it has been found to protect DNA
molecules, cells in culture, and whole organisms
against the detrimental effects of several types of
free radical generating treatments.' -'"

Copper/zinc containing superoxide dismutase
is a cytoplasmic enzyme that catalyses the dismu-
tation of 02- to H202. The enzyme protects the
organism against the toxic reactions of 02- and
also against the transition metal catalysed Haber-
Weiss reaction (02-+H202 Fe, Cu > 02+0H
+OH*), which generates the very reactive OH*
radical. Bovine superoxide dismutase prepara-
tions have been used in preliminary clinical trials
with patients with various inflammatory dis-
orders and dramatic improvement has been
reported in four of four patients with Crohn's
disease and three of four patients with ulcerative
colitis. 18 Emerit et al'9 reported a beneficial effect
in 82% of patients with Crohn's disease with
longterm treatment with bovine superoxide
dismutase.
The objectives of the present study were to

determine the concentrations of these two
copper and zinc containing antioxidant proteins
in the intestinal mucosa of patients with Crohn's
disease and ulcerative colitis and to compare
these with the values obtained in control mucosa.

Methods

PATIENTS
Twenty nine patients with Crohn's disease and
12 patients with ulcerative colitis who were
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operated on were included in the study. The
diagnosis was based on routine clinical, endo-
scopic, and radiological criteria and confirmed
by histological evaluation of the resected part of
the intestine. The Crohn's disease patients con-

sisted of 14 females and 15 males, median age 34
years (range 14-79). The ulcerative colitis
patients were six females and six males, median
age 35 years (range 23-68). At the time of
operation six and two patients respectively were

taking sulphasalazine or 5-aminosalicylic acid,
five and two were taking corticosteroids, and five
and two were taking both 5-aminosalicylic acid
or sulphasalazine and corticosteroids. The
corticosteroid dose ranged from 5-50 mg/day
and the dose of the other two drugs from 0.5-6
g/day. The other 19 patients had no medical
treatment. Indications for surgery were failure of
medical treatment to control a clinical relapse or

intestinal obstruction.
Histologically normal tissue specimens from

18 patients, 12 males and six females, median age

72 years (range 53-85) who underwent surgery

for colorectal cancer, were included as controls.

TISSUE SPECIMENS
A total of 19 specimens of ileum and 16 of large
bowel from the 29 Crohn's disease patients were
available. From these specimens a total of 65
samples were analysed. From the 12 patients
with ulcerative colitis we obtained 12 specimens
from the large bowel and one from the ileum, and
21 tissue samples were analysed. Representative
parts of macroscopically normal and inflamed
tissue were selected by the pathologist and
confirmed histologically by analysis of adjacent
tissue. From the colorectal cancer patients
histologically normal colon specimens were

taken at least 10 cm from the neoplastic lesion.
The mucosa was dissected from the tissue speci-
mens and frozen at -70°C until further use.

The extraction procedure was as follows. The
specimens were thawed and 50-100 mg samples
were prepared. The samples were wet weighed
and 1 ml of 0 1 mol/l Tris-HC1 pH 7.5 with
0-1% (v/v) Tween 80 per 60 mg was added. The
tissue was homogenised for two minutes in an ice
bath using a teflon pestle. The homogenates were
centrifuged twice for three minutes at 8000x g at
4°C and the final supernatants were stored at
-70°C. Protein concentrations in all homo-
genates were determined using the method of
Lowry et a120 with bovine serum albumin as

standard.

METALLOTHIONEIN DETERMINATION

The metallothionein concentration in the homo-
genates was measured using a recently developed
radioimmunoassay.2' Metallothionein was isola-
ted from the liver of a patient with primary
biliary cirrhosis by a combination of Sephadex
G-75 gel permeation and DEAE Sephadex A-25
anion exchange chromatography. The purity of
the preparation was confirmed by gel electro-
phoresis.22 An antiserum against metallothionein
was raised in rabbits. Metallothionein was label-
led with iodine-125 using the method of Bolton
and Hunter.23 The radioimmunoassay buffer

consisted of 0 05 mol/l Tris-HC1 pH 8.0, 0 1%
(w/v) gelatine and 0.01% (w/v) NaN3. Incuba-
tions contained 0 5 ml standard or sample,
01 ml rabbit anti-metallothionein serum in a
1/10000 final dilution and 0-1 ml 125I-metal-
lothionein diluted to give about 4000 counts per
minute. The standard line ranged from 1-100 ng
metallothionein/ml and mucosa samples were
diluted 1/400, 1/800, and 1/1600. After
incubation for four days at 4°C the antibody
bound fraction was precipitated by incubation
with 0.5 ml of a suspension containing micro-
sepharose beads coupled to sheep antirabbit
antibodies. The radioactivity of the pellets
obtained after centrifugation was counted. Intra-
assay and interassay coefficients of variation were
both determined by five duplicate measurements
of five different intestinal mucosa samples and
calculated as standard deviation/mean x 100%.
The mean intra-assay and interassay coefficients
of variations were 3% and 7%, respectively.

SUPEROXIDE DISMUTASE DETERMINATION
The copper/zinc superoxide dismutase was
determined by an enzyme linked immunosor-
bent assay (ELISA) as described previously.' It
was purified from erythrocytes as described by
McCord and Fridovich.24 Antibodies were raised
in goats and affinity purified by chromatography
with superoxide dismutase coupled to CNBr
activated Sepharose 6B. The double antibody
sandwich ELISA was performed as follows.
Antibodies were coated (10 mg/ml in carbonate
buffer pH 9.6) overnight at 4°C to polyvinyl-
chloride ELISA plates. After washing the plates
were incubated with 2% pre-immune goat serum
at room temperature for two hours. After a
second wash standards of purified superoxide
dismutase (1-50 ng/ml) or intestinal mucosa
homogenates (diluted 1/800, 1/1600, and 1/3200)
were added (0. 1 ml in phosphate buffered saline,
0-1% (w/v) Tween 20) and incubated at room
temperature for two hours. After a third wash
antibody to superoxide dismutase coupled with
peroxidase was added (1/12500 dilution) and
incubated for one hour at room temperature.
After a final wash the plates were coloured with
an orthophenylenediamine-H202 solution for
30 minutes. The reaction was stopped with 2.5
mol/l H2SO4 and the colour read spectrophoto-
metrically at 492 nm. The mean intra-assay and
interassay coefficients of variation were 4% and
6%, respectively.

STATISTICAL ANALYSIS
All data were calculated as mg superoxide dismu-
tase or mg metallothionein per g total protein and
expressed as mean (SEM). To compare the
groups Student's t test was used, or when
standard deviations were significantly different
the separate variance analysis. Differences were
considered significant below p=0 05.

Results
The amounts of superoxide dismutase and
metallothionein in the intestinal mucosa of
inflammatory bowel disease patients are shown
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Figure 1: Copperlzinc containing superoxide dismutase concentrations in the intestinal mucosa
samplesfrom patients with Crohn's disease (hatched bars), patients with ulcerative colitis (open
bars), and control subjects. *p<0-05 significance ofdifference v non-inflamed.

in Table I. Non-inflamed mucosa from the
patients contained a concentration of superoxide
dismutase similar to that in control mucosa and a

significant decrease in the concentration was
found in inflamed mucosa (p<0005 v non-
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Figure 2: Metallothionein concentration in the intestinal mucosa samples ofpatients with
Crohn's disease (hatched bars), patients with ulcerative colitis (open bars), and control subjects.
*p<005, ***p<O.OO1 significance ofdifference v controls. * ep<OO1 significance of
difference v non-inflamed.

TABLE I Copper/zinc superoxide dismutase and
metallothionein concentrations in intestinal mucosa samples
from patients with inflammatory bowel disease and control
subjects. (Mean (SEM)) (n=number ofsamples)

Superoxide dismutase Metallothionein
(mglg protein) (mg/g protein)

Control subjects 2-13 (0-10) (n= 18) 0-36 (0.04) (n= 16)
Inflammatory bowel

disease:
Non-inflamed 2-24 (010) (n=35) 0-23 (0.03)* (n=35)
Inflamed 1-87 (008)t (n=51) 0-17 (002)t (n=50)

*p<0.02, tp<0001 significance of difference v controls;
:p<O005 significance of difference v non-inflamed.

inflamed). The superoxide dismutase concentra-
tions in ulcerative colitis and Crohn's disease
mucosa were almost identical (Fig 1).

Although ileal mucosa seemed to contain more
superoxide dismutase than colon mucosa, the
concentrations in ileal and colon mucosa did not
differ significantly when inflamed and non-
inflamed tissue were considered (Table II).
Moreover, despite the fact that more than half of
the patients (22/41) were taking 5-aminosalicylic
acid, sulphasalazine, or corticosteroids, or a
combination, no significant effect of medication
on the superoxide dismutase content of the
intestinal mucosa was found (Table II).
The non-inflamed intestinal mucosa from the

patients contained significantly less metallo-
thionein than control mucosa (p<002). A
further decrease in the concentration was found
in inflamed mucosa (Table I) and in Crohn's
disease the inflamed mucosa contained signifi-
cantly less metallothionein than non-inflamed
tissue (p<0 01, Fig 2). The metallothionein
concentration was higher in ulcerative colitis
mucosa than in Crohn's disease mucosa in both
non-inflamed and inflamed samples, but the
difference was not significant (Fig 2). The high
mean concentration in non-inflamed ulcerative
colitis mucosa was caused by one extremely high
value (1-14 mg/g protein) from a patient on no
medication.
Colon mucosa seemed to contain more metal-

lothionein than ileal mucosa, although when
inflamed and non-inflamed mucosa were con-
sidered the difference was not significant (Table
II). Medical treatment also had no significant
influence on the metallothionein concentration
in the intestinal mucosa (Table II).

Discussion
In this study we report decreased concentrations
of two copper/zinc containing antioxidant
proteins in the inflamed intestinal mucosa of
inflammatory bowel disease patients. The con-
centration of superoxide dismutase in patients'
non-inflamed mucosa was similar to that in
control mucosa but the concentration was
decreased in inflamed mucosa. The metallo-
thionein concentration in patients' non-inflamed
mucosa was significantly lower than that in
control tissue and a further decrease was found in
inflamed samples. No major differences were
found between ulcerative colitis and Crohn's
disease, and neither tissue localisation - ileum or
colon - nor medication was found to be respons-
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TABLE II Copperlzinc superoxide dismutase and metallothionein concentrations in intestinal
mucosa samplesfrom patients with inflammatory bowel disease in relation to tissue origin and
medical treatment. (Mean (SEM)) (n= number ofsamples)

Superoxide dismutase (mglg protein) Metallothionein (mglg protein)

Non-inflamed Inflamed Non-inflamed Inflamed

Ileum 2-37 (0-12) (n= 19) 2-03 (0-16) (n=20) 0-18 (0-01) (n= 19) 0-15 (0 02) (n= 19)
Colon 2-09 (0-15) (n= 16) 1-77 (0-08) (n=31) 0-29 (0-06) (n= 16) 0 18 (003) (n=31)
p 0-14 0-14 0-12 0 47
No medication 2-20 (0-12) (n= 19) 1-92 (0-11) (n=29) 0 25 (0O05) (n= 19) 0-19 (0 03) (n=29)
On medication 2-29 (0-16) (n= 16) 1-80 (0-11) (n=22) 0-20 (0-03) (n= 16) 0-14 (0-01) (n=21)
p 0-62 047 034 010

ible for the observed changes in superoxide
dismutase and metallothionein.

Parks et a12' developed a feline intestinal
ischaemia/reperfusion model to study oxygen
radical mediated damage. Grisham et a126
reported a 30% decrease in superoxide dismutase
activity in this model though no decrease in
catalase activity was found. They suggest that
this indicates a selective inactivation of super-
oxide dismutase. Our non-inflamed mucosa
samples from patients with inflammatory bowel
disease contained superoxide dismutase con-
centrations similar to those in control mucosa
but the concentration was decreased in inflamed
samples, showing a direct relation between
inflammation and superoxide dismutase concen-
tration. Thus impairment of superoxide dismu-
tase in inflamed mucosa might be caused by
inactivation through high local concentrations of
free radicals2627 and by a reduced local concen-
tration of the enzyme. In the past we have
reported a decreased superoxide dismutase con-
centration in peripheral blood granulocytes from
inflammatory bowel disease patients with active
disease,' indicating that decreased cellular super-
oxide dismutase concentrations may be a more
general inflammation related phenomenon in
this disease, the mechanism of which is not yet
known. The relevance of superoxide dismutase
mediated tissue protection against injury related
to reactive oxygen metabolites has recently been
shown in an experimental colitis model where
the inflammation was appreciably reduced by
treatment with superoxide dismutase.28 More-
over, preliminary data suggest that superoxide
dismutase also has beneficial effects in inflam-
matory bowel disease patients. 18 ,9
When O2 and H202 are not scavenged

efficiently they can react in an iron or copper
catalysed Haber-Weiss reaction and form the
very reactive OH" radicals. The scavenging of
OH* radicals had beneficial effects in ischaemia/
reperfusion models for inflammatory bowel
disease,' I and 5-aminosalicylic acid was reported
to be a potent scavenger of OH* radicals in
vitro.929 Since metallothionein is a sacrificial
target protein for these radicals the decrease we
found in inflamed intestinal mucosa might be
attributed to high local concentrations of free
radicals.

Elmes at a130 demonstrated metallothionein in
the human ileum using an immunohistochemical
technique. They reported intracellular staining
of enterocytes and cells in the lamina propria and
some extracellular staining near the basement
membrane. Ileal biopsy specimens from patients

with Crohn's disease showed reduced staining
compared with control specimens. The reduced
metallothionein score in Crohn's disease they
reported agrees with the reduction in metallo-
thionein concentration we found.

In contrast to the superoxide dismutase con-
centration the metallothionein concentration in
non-inflamed inflammatory bowel disease
mucosa was less than that in control mucosa,
and a further decrease was found in inflamed
samples. The synthesis of metallothionein is
regulated in cell-type specific tissue by several
factors including tissue zinc concentrations and
several hormones.3' Crohn's disease patients have
been reported frequently to have zinc
deficiency,32 which might contribute to the low
intestinal metallothionein concentrations found
in non-inflamed mucosa samples. Other indirect
mechanisms are also possible. Solomons et al33
found that the reduced circulating zinc concen-
trations in Crohn's disease patients with acute
inflammation were highly correlated with raised
interleukin- 1 activity. Moreover Cousins and
Leinart34 reported decreased intestinal and
serum zinc concentrations and increased liver
metallothionein synthesis in rats injected with
human interleukin-1.
We detected no significant effect of medica-

tion on the intestinal mucosa superoxide
dismutase or metallothionein concentrations,
although the latter concentration was lower in
patients on medication. In rats high doses of
dexamethasone have been used as a potent
inducer of metallothionein synthesis, but recent
data suggest that at more physiological condi-
tions glucocorticoids are slightly inhibitory.35
Elmes et al3' reported a further reduction in
immunohistochemical staining for metallothio-
nein in the intestinal mucosa of Crohn's disease
patients taking corticosteroids compared with
patients taking no such drugs, whose mucosa
already showed reduced staining compared with
that from control subjects, but clinical assess-
ment of the patients is lacking.

The decrease in superoxide dismutase and
metallothionein in the intestinal mucosa with
inflammation might contribute to a decrease in
intestinal protection against oxidative damage
which may be relevant to the tissue damage in
inflammatory bowel disease. Treatments aimed
at increasing the mucosal concentrations of
copper/zinc containing antioxidant proteins
might be a useful addition to the usual 5-
aminosalicylic acid or corticosteroids treatment
in inflammatory bowel disease.
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